At present, an urgent problem is to produce cheap and high-quality mechanical rubber goods. The use of fillers makes it possible to reduce the consumption of rubber and to have a purposeful effect on the properties of the rubber compounds produced. Owing to its unique reinforcing properties, the most widely used filler in rubber technology is carbon black [1, 2] . The reinforcing properties of carbon black depend on the size, shape, and surface chemistry of its primary aggregates [3] . Today, obtaining new types and modification methods of carbon black, aimed at improving the processing properties of rubber mixes and ensuring the necessary combination of properties of elastomeric materials and articles, is an urgent problem. It is known that one of the methods for modifying the surface of disperse fillers is mechanical activation, which makes it possible to prevent the agglomeration of particles, to increase their surface activity, and to distribute the filler particles more uniformly in the polymer matrix. According to modern concepts [4] [5] [6] , under mechanical action by the energy of elastic deformation, active non-equilibrium excited states arise in the surface layers, the nature of which is connected with vibrational motion of atoms, electron excitation and ionisation, deformation of bonds and valence angles, and also processes of migration of structural elements and mass transfer. By comparison with thermal activation, during mechanical activation more highly excited states arise [7] .
In this work, an investigation of the effect of mechanical activation of P803 carbon black, manufactured according to the GOST 7885-86 standard, on the properties of vulcanisates is set out. The characteristics of P803 are as follows: arithmetic mean particle diameter 100-200 nm, Brunauer-Emmett-Teller (BET) specific adsorption surface up to 35 m 2 /g, and dibutyl phthalate adsorption 80-90 cm 3 /100 g.
Activation of carbon black was carried out on an Activator 2S planetary mill (ZAO Aktivator, Russia). The central axle speed was 1000 rev/min. The drum speed was 1500 rev/min. The centrifugal acceleration was up to 150 × g. The milling bodies were 40 steel balls (160 g). The carbon black charge into each drum was 30 g.
Nitrile butadiene rubber with a low acrylonitrile content (BNKS-18AMN) was used as the rubber. Seven formulations of a standard mix based on BNKS-18AMN with carbon black with different degrees of activation were prepared ( Table 1) . Mixing was carried out on a Polymix 110L laboratory mill (Brabender, Germany) with the use of a W50 EHT mixer with oval (tangential) Banbury rotors by customary schedules for the base rubber compound. This type of rotor was used because it models the processes occurring during the mixing of rubber mixes on a mill. Specimens for investigations were vulcanised in a GT-7014-H10S hydraulic press at a temperature of 155°C for 20 min. The plastoelastic properties and the properties of the vulcanisates are given in Table 2 .
Standard test methods using a Mooney viscometer or a Monsanto rheometer, applied to assess the quality of rubber mixes in production or for comparative tests of rubber mixes during their development, may lead to erroneous conclusions. It is more expedient to use a Brabender plastograph, which makes it possible to assess the viscosity of the rubber mix in wide shear rate and temperature ranges [8] . In this work, the plastoelastic properties were investigated on a Brabender plastograph. The prescribed rotational speed of the rotors (rolls) was 40 rev/min, and the temperature was 155°C. Investigations showed (see Table 2 ) that, as the activation time increases, the rubber mix specimens become more viscous. From the values of the time indices of scorching it can be seen that mechanical activation of carbon black also affects the scorch start and end times. With increase in the degree of activation of carbon black, the rubber mix specimens are characterised by greater scorch start and end times. However, it can clearly be seen that activation of carbon black for 90 s leads to the smallest scorch time (Dt = 2 min) and the highest scorch rate (1/Dt = 0.5 min
−1
). It is known [3] that properties such as viscosity, shrinkage, and modulus are affected to a greater extent by the degree of structure of the carbon black, which describes the number of particles combining to form an aggregate. Consequently, the mechanical activation of carbon black makes it possible to break down agglomerates which in turn are formed from groups of aggregates similar to bunches of grapes. Activation of carbon black for 90 s is possibly the optimum activation time for the breakdown of agglomerates, but the aggregates of carbon black are not broken down in this case.
The physicomechanical characteristics were determined in accordance with the GOST 270-75 standard on type 2 specimens on a Shimadzu Autograph tensile testing machine. The results of physicomechanical investigations of vulcanisates showed that the introduction of activated carbon black into the rubber mix leads to a considerable increase in the elongation at break of the specimens. It was established that every 30 s increase in activation time leads to an average 20% increase in the elongation at break of the specimen. Thus, 30 s activation increases the elongation at break from 573 to 592%, and 60 s activation increases it to 614% ( Table 2) , and so on. Increase in the elasticity of the vulcanisates is due to an improvement in dispersion of the activated carbon black. The strength properties reach maximum values with activation of carbon black for 60 and 90 s, which is due to increase in its contact surface with the rubber, leading to strengthening of the interaction between them, which in turn leads to reinforcement of the rubber. Further increase in activation time leads to a reduction in the strength properties (f t and f 400 ) and Shore A hardness.
Investigations of the abrasive wear resistance were conducted on an MI-2 friction machine according to the GOST 426-77 standard. It was established that the activation of carbon black has a strong effect on the wear resistance of the material. Values of mass wear and volume wear change non-linearly in the ±5% range. However, it should be noted that the best result was obtained by carbon black activation for 90 s, where the volume wear of the vulcanisate amounted to 0.195 cm 3 .
Resistance of the vulcanisates to corrosive media was investigated according to the GOST 9.030-74 standard in AMG-10 oil. It was shown that swelling of the trial rubber compounds occurs in AMG-10 oil. It is clear that the activation of carbon black for 90 s leads to a reduction in the degree of swelling. Further increase in the activation time leads to a gradual increase in the degree of swelling of the specimens.
One of the main tools for studying the characteristics of carbon black is the electron microscope [9] . Micrographs of P803 carbon black before and after activation, obtained on a JEOL JSM 7800F scanning electron microscope (Japan) with an accelerating voltage of 2 kV, are shown in Figure 1 .
It can be seen that, with mechanical activation, breakdown of the carbon black agglomerates occurred and particles of irregular shape appeared, produced as a result of impact of the metal balls of the mill (Figure 1d) . Besides the two analytical quantities that characterise the ability of carbon black to reinforce a rubber compound (the specific surface area and the degree of structure), there is the "surface activity" parameter [3] . In many ways, the surface activity determines the strength of interaction of carbon black with the polymer by physical adsorption and chemisorption and has a considerable influence on the physicomechanical properties. Mechanical activation, besides breaking down the agglomerates, possibly activates the surface, which leads to an increase in the strength properties. Thus, it has been established that mechanical activation of P803 carbon black for 90 s is optimum and makes it possible to produce rubber compounds based on nitrile butadiene rubber with high physicomechanical properties, abrasive wear resistance, and resistance to corrosive oil AMG-10.
